Adipose tissue is the main source of leptin, the product of the ob gene (1) located on human chromosome 7 (2, 3) . Multiple biologic roles have been attributed to leptin, which include maintenance of body weight, food intake, body temperature, development of the reproductive system, bone remodeling, angiogenesis, immunomodulation, and a variety of endocrine functions (4 -11) . Leptin binds to the leptin receptor (OB-R), the product of the db gene (12) located on human chromosome 1 (13) . Five different isoforms of this receptor were identified (12, 14) and they are present in a variety of human tissues, with higher expression in the hypothalamus, heart, liver, small bowel, prostate, and ovary (12) (13) (14) . The long functional form of the OB-R, OB-Rb, is expressed mainly in the hypothalamus (10, 11, 14 -16) and the leptin binding to this receptor inhibits food intake and stimulates energy expenditure through modulatory effects on the activity of many neurotransmitters and neuropeptides (5) .
The presence of leptin and OB-Rb has been shown in normal white and brown tissue (17) (18) (19) (20) (21) (22) (23) . However, leptin and OB-Rb have not been examined in neoplasms with white and brown adipose tissue differentiation, such as lipomas, hibernomas, and liposarcomas.
We examined leptin and OB-Rb mRNA expression in neoplasms of adipocytic differentiation to gain new insights into the understanding of the pathobiology of these tumors.
MATERIALS AND METHODS

Clinicopathologic Data
Twenty-one lipomas, two hibernomas, and 16 liposarcomas cases were retrieved from the Mayo Clinic Tissue Registry and reviewed histologically for diagnostic confirmation. An average of five hematoxylin-eosin slides were available for each case (range, 1 to 18). Clinicopathologic data were studied in all cases and are summarized in Table 1 . History of obesity and hyperlipidemia were also reviewed. The characterization of obesity and hy-perlipidemia were made according to established criteria (24, 25) .
The 21 lipomas were classified as ordinary type (n ϭ 10), angiolipoma (n ϭ 5), spindle cell (n ϭ 5), and pleomorphic (n ϭ 1). The 16 liposarcomas were classified as well-differentiated (n ϭ 7), well-differentiated with areas of dedifferentiation (n ϭ 3), myxoid/round cell (n ϭ 5), and pleomorphic (n ϭ 1). Two cases of hibernoma were also examined.
Immunohistochemistry
Paraffin-embedded, formalin-fixed, archival tissues (5 m-thick slides) from all tumors were analyzed for leptin expression with a monoclonal antibody from Sigma Chemical Co. (St Louis, MO) at a dilution of 1:250 using the avidin-biotin-peroxidase method (26) . Antigen retrieval was done with microwave treatment for 5 minutes in 0.1 mol/L citrate buffer, pH 6.0. Five samples each from normal subcutaneous and retroperitoneal adipose tissue and normal anterior pituitary gland tissue were used as positive controls for the immunohistochemical analysis. Staining intensity was graded as 0 (none), 1ϩ (mild), 2ϩ (moderate), ϩ3 (intense), and considered focal when less than 25% of the cells were stained.
Western Blot Analysis
Western blot analysis was performed as previously reported method (27) using proteins extracted from frozen tissue from a lipoma and a liposarcoma. One-dimensional sodium dodecyl sulfate-polyacrylamide gel electrophoresis was performed with a ready-to-use 10 to 20% gradient gel using the discontinuous buffer system of Laemmli (Bio-Rad Laboratories, Richmond, CA). The electrophoresed proteins were transferred to a polyvinyllidene difluoride membrane and subjected to immunoblot analysis with monoclonal antibodies to leptin as previously reported (27) . Densitometric analysis of the leptin bands was done as previously described (28) .
In Situ Hybridization (ISH)
Paraffin-embedded, formalin-fixed, archival tissues (5 m-thick slides) from all tumors were used for ISH. Five samples each from normal subcutaneous and retroperitoneal adipose tissue and normal anterior pituitary gland tissue were used as positive controls for the ISH analysis. The human leptin (OB; obtained by RT-PCR from normal fat total RNA) and the functional form of the leptin receptor (OB-Rb) complementary DNA (obtained from Eli Lilly & Co,, Indianapolis, IN) were cloned into pCRII-TOPO (Invitrogen, Carlsbad, CA) and linearized with BamHI or ApaI. Riboprobes were generated by in vitro transcription reaction and digoxigenin 11-UTP (Boehringer Mannheim, Indianapolis, IN) labeling with T7 (antisense) and SP6 (sense) RNA polymerase for OB and OB-Rb (Promega Corp., Madison, WI). The labeled probes were digested with deoxyribonuclease, extracted with phenol/chloroform, and precipitated with ethanol. ISH signals were detected by the antidigoxigenin AP (1:200 dilution; Boehringer Mannheim) and nitroblue tetrazolium/5-bromo-4-chloro-3-indolylphosphate system (27, 28) .
RT-PCR
Total RNA was extracted from available frozen or fresh tissue in five lipomas and five liposarcomas using the TRIzol reagent kit (Life Technologies, Inc., Gaithersburg, MD) and used for the identification of leptin and OB-Rb messenger RNAs by RT-PCR. The housekeeping genes hypoxanthine phosphoribosyl transferase and glyceraldehyde-3-phosphate dehydrogenase were used as internal positive controls. RT-PCR was performed according to previously described methods (27) . Thirty cycles of PCR amplification with 57°C annealing temperature were used for OB-Rb and 40 cycles with 55°C annealing temperature were used for leptin. PCR products were analyzed by 2% agarose gel electrophoresis with ethidium bromide staining and Southern hybridization. The sequences of primers and hybridization probes for leptin and OB-Rb were previously reported (27) . Densitometric analysis of the bands for Southern hybridization was done as previously described (27, 28) .
RESULTS
Clinical Features
The clinicopathologic data for the 39 tumors are summarized in Table 1 . In the lipoma group (including hibernomas), the mean age at diagnosis 14) . Eight patients were obese, and nine had hyperlipidemia. In the liposarcoma group, the mean age was 56 years (range, 40 to 84 years). The female sex was affected in 31% of the cases. History of obesity or hyperlipidemia was found in six patients
Immunohistochemistry
Leptin Expression in Lipomas and Hibernomas
All histologic subtypes of lipoma showed cytoplasmic immunoreactivity for leptin (Fig. 1A) , except for one case that was negative (Case 2). The pattern of immunoreactivity was usually focal in most ordinary lipomas, angiolipomas, and spindle cell lipomas. Diffuse immunoreactivity was present in the hibernomas (Fig. 1B) and the pleomorphic lipoma. Both mature adipocytes and spindle cells expressed leptin in spindle cell lipoma. In pleomorphic lipoma, mature adipocytes and the few lipoblasts also expressed leptin. Immunoreactivity for leptin was diffuse and present in the large granular cells, lipoblast-like cells, and mature adipocytes of hibernomas (Fig. 1B) . Endothelial cells and occasional lymphocytes also showed focal immunoreactivy for leptin. Fibroblasts and other connective tissue cells were negative for leptin.
Leptin Expression in Liposarcomas
Leptin was expressed in a diffuse cytoplasmic pattern in all subtypes of liposarcoma. Both mature adipocytes and lipoblasts expressed leptin in welldifferentiated liposarcoma (Fig. 1, C-D) . Areas of dedifferentiation with a high-grade morphology were present in three of these cases, and the pleomorphic cells expressed leptin. The lipoblasts and poorly differentiated cells of pleomorphic liposarcoma also expressed leptin. In myxoid and round cell liposarcomas, lipoblasts, primitive stellateshaped, and round cells were positive for leptin.
Western Blotting
Western blotting analysis identified the 16 kDa leptin protein in a lipoma and a liposarcoma (Fig.  2) . Densitometric analysis showed that the lipoma expressed more leptin protein than the liposarcoma when the results were normalized with ␤-actin (data not shown).
In Situ Hybridization
Leptin and OB-Rb mRNA were expressed in a diffuse cytoplasmic pattern in almost all cases of lipomas, hibernomas, and liposarcomas (Fig. 3) . Nonspecific nuclear staining was observed in hiber-nomas and liposarcomas. No important difference in staining intensity was observed between benign and malignant tumors. In addition, no difference in staining intensity was observed among different histologic subtypes of lipomas and liposarcoma. Leptin and OB-Rb mRNA were observed in all cell types in hibernomas and were focally present in endothelial cells. Fibroblasts and other connective tissue cells were negative for both leptin and OB-Rb mRNA.
Immunohistochemistry and ISH analyses showed no important differences in the expression of leptin and OB-Rb mRNA between benign and malignant tumors in obese and lean patients, hyperlipidemic and normolipidemic patients, and male and female patients.
RT-PCR
Leptin mRNA expression was detected in normal adipose tissue, lipomas, and liposarcomas. OB-Rb mRNA was detected in all five lipomas and five liposarcomas (Fig. 4) . The expression of OB-Rb mRNA was low in one lipoma (Case 10), but a reliable history of obesity and hyperlipidemia was not available. Two liposarcomas expressed OB-Rb mRNA in very low concentrations (Cases 29 and 38), and both patients had a history of hyperlipidemia or obesity. No important difference in the expression of leptin and OB-Rb mRNA was found between lipomas and liposarcomas when the samples were normalized with hypoxanthine phosphoribosyl transferase and analyzed by densitometry (data not shown).
DISCUSSION
Leptin is a 16 kDa peptidic hormone mainly synthesized and secreted by the adipose tissue. In the peripheral blood circulation, plasma levels of leptin correlate very well with total body adipose tissue mass (29) . Higher plasma concentrations of leptin are often found in obese individuals and tend to decrease after weight loss (29) . After crossing the blood-brain barrier by a transport system not completely elucidated (30, 31) , leptin binds to the leptin receptor (OB-Rb) in the hypothalamus and appears to activate the Janus protein-tyrosine kinase and Signal Transducers and Activators of Transcription (STAT) pathway (32) . In the hypothalamus, leptin has stimulatory effects on corticotropin-releasing hormone, pro-opiomelanocortin, thyrotropin-releasing hormone, and cocaine-and amphetamine-regulated transcript, and inhibitory effects on neuropeptide Y and agouti-related protein (5, 7). We demonstrated for the first time that tumors of adipocytic differentiation, similar to normal adipose tissue, express leptin and OB-Rb mRNA. Interestingly, leptin expression was unusually focal in mature adipocytes in lipomas and more diffuse in more primitive cells and lipoblasts. This may be related to the fact that the immunohistochemical staining was more difficult to interpret because of the cytoplasmic displacement caused by the large amount of lipid in more mature adipocytes. However, this pattern of staining was less prominent with ISH for leptin mRNA. In the latter, a more distinct cytoplasmic staining was observed.
Leptin and OB-Rb have been found in both normal white and brown adipose tissue (15, (17) (18) (19) (20) (21) (22) (23) . However, leptin expression in brown adipose tissue has been somewhat controversial (19, 20, (33) (34) (35) . Our results showed that benign white and brown adipose tumors both expressed leptin protein, leptin mRNA, and OB-Rb mRNA.
Leptin expression is not restricted to adipose tissue because mammary cells, placenta, gastric epithelium, and pituitary all express leptin (27) . We also observed leptin expression in some endothelial cells and lymphocytes, but not in fibroblasts in this study.
The ISH analysis of leptin and Ob-Rb mRNA showed nuclear staining in some tumors. This finding was interpreted as nonspecific because it is sometimes seen in ISH studies. The cause and significance of this finding is unknown at this time.
The regulation of leptin production in adipose tissue has been studied extensively. Experiments in rats showed direct effects of leptin on the adipose tissue, with an increased rate of insulin-dependent glucose utilization and lipolysis in white and brown adipose tissue after peripheral administration of leptin (36) . Leptin binding to the OB-Rb also stimulated the expression of mRNA for malic enzyme and lipoprotein lipase in brown adipocyte cultures of lean (Fa/fa) rats, but not in brown adipocyte cultures from obese Zucker (fa/fa) rats, which have an inactivating mutation in the OB-Rb gene. Similar results were observed for leptin induction of STAT activity. After leptin administration, STAT activity was increased in both white and brown adipose tissue cultures but not in brown adipose tissue cultures of obese Zucker (fa/fa) rats (36) . These results suggest that leptin has a direct autocrine and paracrine effect on normal adipocytes. Because we showed that leptin and OB-Rb mRNA are expressed in tumors of white and brown adipocytic differentiation, it is conceivable that the same autocrine and paracrine effects might be present in these tumors. However, further studies should be performed to examine these possibilities.
Fatty acids present in mature adipocytes in lipomas, and adipocytes and lipoblasts in liposarcomas seem to be unavailable for the general metabolism (37) (38) (39) . This fact is well exemplified with the observation that the volume of these tumors does not change significantly during weight loss (37) . In addition, the tumor volume of disseminated liposarcomas does not appear to diminish in cachectic patients. In contrast, lipoma volume increases during rapid weight gain (37) . The underlying causes for these observations are still unknown and intrinsic alterations in the biochemical pathways of the neoplastic cells might be present (39 -41) . The presence of both leptin and OB-Rb mRNA expression almost excludes the possibility that changes in the leptin receptor between normal adipose tissue and lipomas and liposarcomas can account for these differences.
An important differential expression of leptin and OB-Rb mRNA with respect to the obesity and hyperlipidemia status or sex of the patients was not found on our series. However, due to the small number of cases, statistical analysis could not be performed. These findings suggest that leptin and OB-Rb mRNA expression in adipose tumors is probably independent of or at least not markedly influenced by serum levels of leptin. In this regard, it is possible that (1) a dysfunctional autocrine or paracrine loop might be present in these tumors, which would contribute to their metabolic refractoriness; and (2) a paraneoplastic hyperleptinemia may exist in large or multiple tumors, such as in patients with large retroperitoneal liposarcomas or in patients with lipomatosis. Our findings also suggest that the leptin receptor could possibly be used as a potential target for drug or hormone therapy in unresectable or metastatic liposarcomas.
Despite the presence of leptin or leptin receptor in adipose tissue tumors, the use of these markers as diagnostic tools for the identification of tumors of adipocytic differentiation should be viewed with caution because other normal cell types and neoplasms also express leptin or leptin receptor (27) .
In summary, we demonstrated for the first time that lipomas, hibernomas, and liposarcomas express leptin and leptin receptor. These findings should provide new insights into the understanding of the pathobiology of these tumors. 
